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Engi neeri ng and Desi gn
USE CFgRESIN NEDIFIED PA%ENENT

1. Purpose. This letter provides state-of-the-art guidance on
he desi gn and use of resiﬂ nodi fi ed pavenent (RI\/P).g

t

2 Applicability. This Engi neer Technical Letter (ETL) is
applicable to all HQUSACE elenments and USACE Conmands havi ng
military and civil works construction responsibility.

3. References. References providing necessary general
i nformation, background, definitions and design %Hldance for
resin nodified pavenents are |listed in Appendix A

4. Di scussi on.

a. Description. Resin nodified pavenent (RW) is a
COﬂEOSIte pavenent surfacing that uses a uni que conbi nation of
asphalt concrete (AC) and portland cenent concrete (PCC)
materials in the sane layer. The RMP material is generally

descri bed as an open-graded asphalt concrete m xture contai ning
25- to 35-percent voids which are filled with a resin nodified
portland cement grout. The open-graded asphalt m xture and resin
nodi fied cement grout are produced and pl aced separately. The
open-graded m xture is Produced in a typical asphalt concrete
andard asphal t” pavi ng equi pment. After

P ant and placed with s
he open-graded | ayer has cooled, th
orous_surfaplnP and vibrated into t
ayer is typically 50 nm (2 in.) thi
appearance simlar to a rough-textur

e grout 1s poured onto the
he internal voids. The RW
ck and has a surface

ed PCC.

. b. Materials and Construction. The oPen-graded asphal t
m xture is designed to be the initial "skeleton" of the RW. A
coar se ag%re?ate gradation with very few fines is used along W th
a | ow asphalt cenent content (tyglcally 3.5 to 4.5 percent by
total welght) to produce 25- to 35-percent voids in the mx after
construction. The open-graded asphalt m xture can be produced in
a conventional batch plant or drummx plant. After placing, the
open-graded asphalt material is snoothed over with a mnim
nunmber of Passes (usually 2 or 3) froma snmall (3-tonne maxi num
steel -wheel roller.

- (1) The resin nodified cenent grout is conposed of fly ash,
silica sand, cenent, water, and a cross polyner resin additive.
The resin additive is generally conBosed_of five parts water, two
parts polynmer resin of styrene and butadi ene, and one part
wat er -reduci ng agent. The grout water/cenment (wc) ratio is
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bet ween 0. 65 and 0. 75, which provides a very fluid consistency.
The cenment grout material can be produced in a conventional
concrete batch plant or a small portable mxer. After the
asphalt m xture has cool ed, the grout is poursd onto the

r

open-graded asphalt |ayer and squeegeed ove he surface. The
grout is then vibrated into the voids with the 3-tonne vibratory
Ssteel -wheel roller to ensure full penetration of the grout. This
process of grout application and vibration continues until al
voids are firlled wth grout.

h
e

(2) Depending uBon the specific traffic needs, the fres
grout ed surtace HBY e hand brooned or nechanically textured
Inprove skid resistance. |In nost circunstances, however, th
excess grout is squeegeed off of the pavenent surface, and a
natural rough texture is achi eved through evaporation of surface
bl eed water. Spray-on curing conpounds, typical to the PCC

i ndustry, are Peneral!y used for short-termcuring. The new RW
surfacing usually achieves full strength in 28 days, but it naY
be opened to pedestrian traffic in 24 hours and Ilght aut onobi l e
traffic in 3 days.

I
to

c. Pavenent Design. The pavenent thickness for the RW is
to be determ ned using flexible pavenent criteria. The total
pavenent thickness for a pavenent structure including the RW
shoul d be determ ned using TM 5)822)5 and TM 5)825)2. After the

avenment thickness has been determ ned for a particular |oad and

evel of traffic, the top 50 nmof the asphalt concrete |ayer are
to be replaced with 50 nrmof the RMP. This is a conservative,
desi gn approach, but pending the outcone of further research in
this area, all RMP projects should be designed as a conventi onal
fl exi bl e pavenent in this manner.

(1) In rehabilitation projects such as overlays, the overlay
Pavenent t hi ckness should be determ ned to satisfy traffic and
oad requirenents. The m nimum overlay thickness is 50 mm when
using the RW. If additional thickness is required, the

remai ni ng pavement thi ckness underlying the RWP surface should
consi st of high-quality asphalt concrefe.

(2) RMP has been successfully constructed as an overlay
material over rigid and flexible pavenents as well as in original
construction. No transverse or longitudinal joints are required
for prlglnal full -depth RWP de5|8ns al t hough {0|nts have been
cut in RVP when overlaying jointed PCC pavenent . Clack!n? and
seating of eX|st|nﬁ PCC and then overlaying with an AC interlayer
and RWMP surfacing has been a successful “desi gn approach.

Pavenment joints are required between RVWP and adj acent PCC
pavenents but are not required between RVP and adj acent AC
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avenents. These ioints are constructed by saw cutting to the
ottomof the RWP layer once the RMW material has sufficiently
cured. The joint is then filled with a sealant material suitable

for the particular site conditions.
(3) Mx design nethodol ogi es for RVWP have not been

previously docunented. Al RWP mlitary construction projects to
dat e have had Governnent provided m x designs, provided by the
UsS Arny ER/%I neer WAt erways Experinment Station, VWS- GP,
Vi cksburg, M5, 39180. The m x design nethod found in Appendi x B
provi des suitable job-m x fornulations for both the open-graded
asphalt concrete and grout materials when designing an RW. This
m X design net hod al so contai ns appropriate procedures for
quality control testing of open-graded AC voids and grout
Vi scosity.

d. Applications. RW nay_be used i n new pavenent
construction or in the rehabilitation of existing pavenent

t
structures A new RWP surfacing may be RLaped as_an overlay over
existing flexible or rigid pavenents. RMP is typically used as a
| ow-cost alternative to a PCCrigid pavenent or as a neans of
i nprovi ng the pavenent performance over an AC surfaced flexible
pavenent. Field experience indicates that RV may be used in
practically any environnental conditions.

(1%_ In general, the RW is best suited for pavenents that
are subjected to lowspeed traffic that is channelized or
abrasive by nature. Pavenent areas with heavy static point | oads
and heavy fuel spillage are also ideal RWP aPpllcatlon

candi dates. The practical Iimt for the surtface slope of an RW
section is 2 percent. Pavenent slopes up to 5 percent can be
constructed, but excess hand work and grout overruns are to be
expected with slopes greater than 2 percent.

(2) The RWP process has been used in a variety of
applications on the international market, including airport and
vehi cul ar pavenents, industrial and warehouse floorings, fuel
depots and commercial gasoline stations, city plazas and nalls,
railway stations, and port facilities. Since i1ts first
comercial application in the United States in 1987, RMP_has been

used nostly on airport and airfield pavenent projects. These
aPpllcatlons have I ncl uded taxiways, aprons, equipnent and fuel
storage areas, and warehouse parking lots. As of Septenber 1996,
there were 17 known RWVP project sites in the United States,
totaling over 180,000 sg m (216,000 sg yd) of pavenent area.

e. Costs. The cost of a 50-mmthick (2-in.) RW layer is
currently about $9.60 to 19.20 per sq m($8 to 16 per sq yd) as
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compared to a typical cost of $3.60 to 6.00 per sq m ($3 to 5 per
sq yd) for a 50-mm-thick (2-in.) layer of dense-graded asphalt
concrete. The initial cost of a full-depth RMP design is
generally 50 to 80 percent higher than a comparable asphalt
concrete design when considering a heavy-duty pavement. A more
important cost comparison is between the RMP design and the rigid
pavement design since the RMP is usually used as a cost saving
alternative to the standard PCC pavement. In the case of a
standard military heavy-duty pavement application, the RMP design
is generally 30 to 60 percent less in initial cost than a
comparable PCC pavement design. In many circumstances, the RMP
also provides life cycle cost savings from reduced or eliminated
maintenance efforts when compared to flexible pavements and
jointed rigid pavements.

5. Action. The enclosed mix design method should be used for
determining job-mix formulations relating to the construction of
RMP. Guidance on the use of RMP is available from the U.S. Army
Engineer Waterways Experiment Station, 3909 Halls Ferry Road,
CEWES-GP, Vicksburg, MS 39180.

6. Implementation. This letter will have routine application
for military construction as defined in paragraph éc, ER
1110-345-100.

FOR THE DIRECTOR OF MILITARY PROGRAMS:

2 Appendices

APP A-References

APP B-Resin Modified Pavement
(RMP) Mix Design Method

' P.E.
ngineering Division
Military Programs



